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Description 

BACKGROUND OF THE INVENTION 
FWdcftn; jftvemjon 

This invention relates to a nudeic acid detection method utilizing the hybrid formation reaction with two 
kinds of nucleic adds having complementarity, and a method for detecting a gene Inherent In gene disease 
utflizing uid method. 

Related Background Art 

When single stranded DNA's or RNA's have complementarity to each other, the portions having comple- 
mentarity are bonded to become a double-strand, thereby forming a hybrid. As the methods for detection or 
quantification of nucleic acids arising the hybrid izab'on reaction, there may be induded various methods aueh 
as the Southern method, etc. which have become one basic technique in various genetic engineering methods 
such as donmg of gene, gene recombination, screening of desired gene or diagnosis of disease by use of test 
simple gene. 

As the analytical method utilizing hybridization of nudeic add. there has been generally employed the 
method in which a probe comprising DMA or RNA is applied with a label for detection of a hybrid, the labelled 
probe is hybridized with a sample nudeic ecid. and the hybrid formed b detected by utilizing the label ripened 
to the probe. 

As the method for labelling probe, there have been employed the method in which a radioisotope is too* 
duced into probe, or the method in which e compound necessary for light-emission reaction, color formation 
reaction, fluorescent reaction, etc. is introduced into or bound to probe. 

As the probe, tor example, nudeic acid fragments directly separated from animals, plants, rrocroorganlsms, 
etc, doned nudeic add fragments doned according to predetermined standards, oligonudeotides synthesized 
by a synthesizer, etc. have been utilized depending on the purpose, etc 

With development of genetic engineering, utilization frequency end application range of the analytical 
method of nudeic adds utaizing hybridization ere also enlarging, and it has been tncraasrigly demanded to 
have e method which can perform analysis with good sensitivity by simpler operations. 

For exampla. in case of labeling by use of a radioisotope, it has the advantage of having good detection 
sensitivity of hybrid, etc.. whfle expensive reagents, special Insruments, devices, etc. therefor are required, 
because of handling of a radioactive substance, and also the operations are accompanied wfth danger. 

On the contrary, no n -radioactive labelling as represented by labelling with an enzyme utilizing the fluor- 
escent reaction of b iotin-avidin-anti.a vidin antibody-fluorescent dye complex, while it has the advantage of per- 
forming labelling end detection by safe end simple operations, has the drawback that detection sensitivity is 
liable to be lower when employed for la belling of probe. 

Also. In various analyses, nudeic acid fragment having a nucleotide chain length of 100 bases or more 
may be frequently employed as the probe to be labelled. Although such relative longer nudeic add fragment 
has the advantage thu.it can be labelled with relative ease, synthesis by a synthesizer can be done with drt- 
f icufty. and therefore there is the drawback that cumbersome workings such as separation operation from liv- 
ing body, cloning, etc are required for its preparation. 

On the contrary, e nudeic add fragment with a length of less than 100 bases has the advantage thet it 
can be synthesized eesBy by a synthesfcer. However, it hos the drawback that labelling, particularly labelling 
by a nick translation or an enzyme cannot be easSy done. 

Further, when I is desired to analyze plural kinds of nucleic acids by use of plural kinds of probes at the 
same time, for discrimination of which probe Is contained In the hybrid formed. It h necessary to apply labels 
different from each other to the probes correspond ng to the respective nudeic acids. However, such opera- 
tions ere extremely cumbersome. 

On the ether hand, application of the anelyticei method of nudeic edd utaizing hybridization for the de- 
tection method of a gene related to disease is now being investigated. 

As the diseMm induced by mutation, etc. at gene level, there have been known various gene diseases, 
for eiample, hereditary hemoglobin abnormal diseases such as phenylketonuria, thalassemia, etc, OTC (or- 
nlflne transcarbamytase) deficiency. Duehenne type muscular dystrophy, etc 

Also, there is a report that mutation of a protein by gene mutation participates in generation of a certain 
kino of cancer. 

Or. the probability is increasing that serious diseases such as AIDS. ATL etc are caused to occur by ret- 
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ro virus. 

Diagnosis of a gsna disease has bnn generally dona by measuring I ha adrvty of tha enzyme and tha 
amount of lha protain characteristic of lha gana disaata and judging whera the/eis deficiancy or abnoimalay 
5 tn these from tha results, but m soma caws, the enzyme which becomes the Index of the disease may exist 
locally at the site of organs, etc. from wWch sampling can be done with difficulty or a test sample may oa avail- 
able with difficulty, and also the index enzyme to be measured cannot be sometimes Ktentrf «o. and these 
diagnosis methods are not neeesserty satisfactory. 

On the other hand, diagnosis of viral infectious disease has been done exclusively by the EUSA method 
to and the PA method, but these met hod a are not necessarily correct 

If a gene disease, cancer, veal Infectious dtoease can be found at early stage by diagnosis at gene level 
tor which sampling of a test sample Is relatively easier and correct examination can be expected, adequate 
therapy can be dona at early atage. Thus, t has been increasingly demanded to have a diagnoele method at 
gene level. 

«a As one of such effective methods, there is, tor example, RFLP (restriction fragment length poiymorphsm). 

Thb method b a method in which the ONA fragment obtained by deevege of the whole gene of human 
being with restriction enzymes b developed by agarose gel electrophoresis, the dectrophoresed fragment b 
hybr idfced wit h a probe DMA labelled with radioisotope, etc and the pattern of electrophorogram of the hybrid 
detected by utilizing the label H compared with that of electrophorogram obtained similarly for the normal gene. 
to thereby detecting the gene related to the disease. 

The diagnosis method by analysis of gene witting RFLP. ale. is given attention aa an extremely ueelul 
method in practicing a surer diagnosis. 

However, in practice of these methoda. the testing personnel ia required to neve molecular biological 
knowledges and skilled technique, and yet the operations are also cumbersome, and therefore persona en- 
as gaged in medicine such ea physician* examination engineers, etc. cannot easily practice the method. 

Also, in these methods a takes about one day for eeeh step of deevage of DNA. Southern blotting, hy- 
bridization, and It takes a long ttme for obtaining the final result, whereby tne number of lest samples handled 
per one examinab'on is limited and therefore a b a very difficult working to examine DNA'e of many patents 
over multiple items. 

X Aleo. application of the detection method utilizing hybridization of nude* acids to the taxonomic method 
of microorganisms such ss bacteria, etc. particularly for asssy of pathogens, attracts notice. 

TexonomJc identKicstion of microorganisms has been practiced by investigating the ecological properties 
and biochemical properties of microorganisms by comparison with the standard microorganisms. 

However, according to such a method, there are some cases that Judgement of the properties may differ 
ss depending on the examination method or that tha Identification results may differ depending on which property 
is important. 

In the case when the teat sample b bacteria obtained from a patbnt having caused an infectious dbease. 
If there Is an error In the identification results, no adequate corresponding treatment can be done, and hence 
a surer identification b particularly required. 
40 Accordingly, in recent years, in order to provide a surer identificatfan method, there have been made at- 

tempts to use the ONA-DNA hybridization method for detection and Identification of causative bacteria in bac- 
terial Infectious diseases. 

In this method, a characteristic base sequence of said bacteria in DNA's of bacteria is made the standard 
sequence, and whether e base sequence highty homologous with said standard sequence exists in the ONA 
4$ extracted from the test sample bacteria or not b examined eccording to the hybridization method by use of e 
probe capable of detecting said standard sequence, thereby performing taxonomic identification of the test 
sample bacteria. 

Aa the probe in thb method, the ONA fragment cloned from t he chio m osome of bacteria, the plaemid itself 
possessed by the bacteria, synthetic oligonucleotides, etc may be employed, 
so Specifically, there may be included the following methods, in which the probe employed b: 

1 ) a cloned random fragment 

2) a ribosome RNA; and 

3) a synthetic oligonucleotide having a base sequence characteristic of the apecies or the genua selected 
from the base sequence of rfeoaome RNA 

55 As the above method 1), a method, in which random fragments obtained by deavege of DMA extracted 

from bacteria with an appropriate restriction enzyme are doned. and the done specifically re active only with 
the desired taxonomic group from among them b selected and used es tne probe, has been known from, for 
example. Crista, M.S., Flowers. R.S. et el.: ONA probes. 143-148, 1966. etc 

As the above method 2). there has been known e method dsdosed by Edetstein. P.H.; J. Clin. Microbiol.. 
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23:461*484. 1986. This is a method which is being watched in the fact that the ribosome RNA's of bacteria 
are relatively similar within the same taxonomic group, and there is the advantage that the detection sensitivity 
becomes higher by use of liposome RNA. because a large number of gene copies exists in the chromosome 
5 of bacteria. 

As the above method 3). there have been reported examples in whlen base sequences specific to the 
genus, the species or the subspecies, etc belonging to the genus Proteus selected from t he base sequence 
of the ribosome RNAof the genus Proteus are utflfced for probe (Haun. 0. & Gobel. FEMS Microbiol. Letu 
43:187-194.1987). 

io However, also these methods have commonly the problems in the various analytical methods for nucleic 
adds uMtelrtg hybridization as previously described. 

EP-A-0 215 726 discloses a method for the determination of particular nucleic add sequences in a sample 
nudeic add in which the sample itself is labeled. Probe nucleotide lengths of at least 700 base pairs are de- 
scribed. 

f5 EP-A-0 237 833 discloses solution phase hybridisation assays for detecting polynucleotide sequences, in 
which the sequence to be deteded contains a reactive site and the probe b labelled, or vice versa. A solid 
phase, to which a reactive partner for the readive she is bound, b then used to separate the hybrid from the 
remaining solution and the label Is measured in either the immobilised fraction or in the solution. 

70 SUMMARY OF THE INVENTION 

The present invention has been accomplished in view of the problems in various detection methods of the 
prior art utilizing the hybridization method as described above, and its objed is to provide a nudeic add de- 
tection method utilizing the hybridization method which can be practiced asuply and correctly. 
25 Here, the present invention provides a nudeic add detection method to deted the presence of a nudeic 
edd to be detected in a sample nudeic add comprising the steps of 

(a) providing a probe nudeic add which Is an oligonucleotide with a nucJotfde chain length of 25 bases or 
less capable of detecting a point mutation of a genetic disease, immobilized on a carrier; 

(b) labelling the said sample nudeic acid; 

oo (c) adding the labelled sample nudeic acid to the immobilized probe nudeic acid; 

(d) detecting the point mutation by detecting the presence of the said nudeic to be deteded in the said 
sample nudeic add bound to the said probe nucleic add. 

BRIEF DESCRIPTION OF THE DRAWINGS 

35 

Fig. 1 is a chart showing the arrangement of spot* of the probe nudeic acid on a filter in Example 2: and 
Fig. 2 is a chart showing the arrangement of spots of the probe nudeic acid on a filter in Example 3. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

40 

The method of the present Invention can be utilized for detection, quantification of virious nudeic adds 
such as DNA or RNA derived from iking bodies of human, animals, plants, mlcroorganisr u such as bacteria, 
etc., fungi, protozoa, etc. recombinant DNA, synthesized DNA, etc, and kinds of nudeic acids which are the 
subject to be detected (nudeic add to be deteded) are net limited. 

45 In the method of the present invention, firstly a nudeotide chain length of sample nudeic acid to be ana- 
lyzed is controlled if necessary, and this is labefled. 

For these sample nudeic adds, those extracted from natural products may be used, and for labelling of 
the sample nudeic acids, there can be utlized the methods generally utilized for labefiing of probes, such as 
a labeling method by means of radioisotopes (Rl), a method in which norwadtoactrve labelling substances 

» (non-IR) such as enzymes or compounds necessary for inducing fluorescence, light-emission or color forma- 
tion such as fe'otin. dmitro phenyl nudeotide derivatives, etc. are introduced into or bound to sample nudeic adds 
and so on. 

For labelling of sample nucleic acids, the terminal end labelling method, the substitution synthesis method, 
the nick translation method, etc. can be utlized. 
55 When the same eitent of labelling amount is used. non-RI label is generally lower in sensttviiy as com- 

pared with Rl label, but in the method of the present invention, detection with high sensWvtty becomes possible 
even whan a non-RI label may be employed. 

in the method of the prior art, probe nudeic adds having a short nudeotide chain length are labelled and 
used in most cases, but in such cases, the label incorporating portion is limited, and the incorporation amount 
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of label Is limited. 

On the contrary, in the method of the present invention, whan th* nudeotide chain length of a sample 
nudeic acid it long, (he sample nudeic acid has many label incorporating portion*, and therefore even in the 
s case of labefllng wtth non-Rl. by Increasing the label incorporation amount its low sensitivity can t>e compen- 
sated, whereby detection wtth hign sensitivity is rendered possible. 

When me sample nudeic acid is double-stranded. it « formed into a single strand at an appropriate sage 
before effecting hybridization, for example, after labelling. 

On the other hand, as the probe nudeic add. any nudeic add having a chain length of 25 bases or less 
!0 which can be artificially synthesized conveniently by a DMA synthesiser can be readily utilized. 

By use of e probe nudete add with such short nudeotlde chain length, there are such advantages that 
synthesis. avaOabfllty or preparation of the probe nudete add Itself become extremely easy, that the reaction 
lima tor rtydridtzatton can be shortened, that the step of labefllng onto the probe nudeic acid can be omitted, 
that detection with high sensitivity becomes possible, etc 
u Utilization of a probe nudeic add with short nudeotide chain length in the present invention is also ren- 
dered possible, pertly because no label is applied to the probe nudeic edd. whereby no requirement necessary 
for labelling is demanded for a probe nucleic add. 

For example, in labelling according to the nick San station method or a binding method of a labelled enzyme, 
the nudeic acid to be labelled is required to have a nudeotide chain length of some extent or more, but the 
n probe nudeic add utilized in the present Invention Is not demanded to have such requirement Therefore. It Is 
readily available (prepared), and also, as described above, it becomes possible to utilize one with short nu- 
deotide ohein length capable of realizing detection win high sensitivity as the probe nudeic add. 

For the reaction between the probe nudeic acid and the sample nudeic acid, the method of contacting 
an immobilized probe nudeic add with a sample nudeic acid can be suitably utilized. 
25 For immobilization of a probe nude c acid, it is possible to utlize various methods which neve been utlized 

for immobilization of nudeic acids, such aa the method in which probe nudeic acid b immobiized onto an ap- 
propriate carrier for immobBtzation such as nitrocellulose, nylon f Im. etc. by utilizing the physical adsorption 
method or chemical reaction. 

Hybridization of a probe nudeic ecid with a fabesed sample nudeic acid can be effected following eon- 
30 ventional methods. 

For example, the conditions of hybrid formation reaction depend on the nudeotide chain length and the 
base sequence possessed by the probe nudeic add. Generally speaking, it is carried out In a hybridization 
solution containing tormamide. an appropriate salt and Denhardt solution, while controlling the temperature. 

Then, by washing the carrier with solutions of different conditions such as a solution, a salt concentration 
n of which Is towered, or a solution, temperature of which Is elevated, DMA which forms no hybrid can be washed 
away from the carrier. 

As the conditions for the hybrid formation reaction and the conditions for washing, the optimum conditions 
corresponding to the desired object may be conveniently selected. 

Detection of the hybrid formed may be practiced according to the operations corresponding to the kind of 
40 the label employed. 

Also, by analyzing quantitatively the amount of label possessed by the hybrid formed, the nudeic acid to 
be detected can be quantified. 

In the operations as described above, by use of plural kinds of nudeic acids as the probe nudeic add. 
when a plural number of nudeic adds to be detected are contained in the sample nudeic add, they can be 
4$ dateded et the aeme time. 

More specifically, plural kinds of probe nudeic acids cor responding to the respective plural kinds of nudeic 
acids to be detected are immobilized at a predetermined arrangement, so as to be seen which probe nudeic 
add is positioned et which position, then the immobilized probe nudeic adds are reeded with a labelled sample 
nudeic add. After completion of the reaction, the formation position of the hybrid is detected by utilizing the 
co label, and the kind of the corresponding probe nucleic acid is identified from the position indicating poaltrve- 
nasa. and from the result the kind of the nudeic add to be detected contained in the sample nudeic acid can 
be judged. 

In the method using plural kinds of probe nudeic acids, it can be easfly judged from the immobilized poaffion 
previously set of probe nudete acids that the sample nudete add has been hybridized with which probe nucleic 
55 edd since probe nucleic edds are immob<tfzed at the positions previously seL 

Therefore, it is not necessary to use different labels for respective probe nudeic adds so that the respec- 
tive plural kinds of probe nudeic ados can be chosen as In the method of the prior art In which labelled probes 
are allowed to react with a sample nudeic add. 

As the probe nudeic adds when using plural kinds of probe nudeic adds, various nudeic acids can be 

s 



* 



EP0 407 719 B1 



utlized. For effecting the hybrid formation reaction with plural kinds of probe nucleic acids efficiently at the 
earn* time by the same operation, it * prelerabie that the nucleotide chain lengths of the respective probe 
nudeic acids should be controlled to the lengths necessary for the individual hybrid formation reactions in the 
s plural kinds of probe nucleic acids to proceed under the same condftlons. 

specif icaiiy, for example, tne dissociation temperature (Trru temperature for a single strand formation) of 
the hybrids to be formed in the individual hybnd formation reactions may be preferably made regular. 

More specif Icelly. for calculation of Tm value, various formulas have been employed depending on the hy- 
bridization solution employed. For example, in 0.9 M Nad. Tm of an oligonucleotide of 20-mer or less la rep- 
10 resented by: 

Tm • 2x(A tl)t 4*(0 t C) 
wherein A. T. G and C respectively show the numbers of adenine, thymine, guanine, cytoslne (see Continued 
Biochemical Experimental Course 1, Gene Study Method II, p. 236). 

Accordingly, following this formula, the base sequences of the respective probe nucleic acids may be sub- 
i s stituted in this formula for selection of their lengths so that the Tm values in the respective probe nucleic aods 
may be regular. 

The nucleic actd detection method of the present invention' as described above b useful for detection of 
genes inherent in gene diseases, cancers, viral infectious diseases. 

As an eiample of detection of genes Inherent In gene diseases, etc according to the method of the present 
to Invention, the method Including the processes shown below can be mentioned; 

a) the process for snmobOlzing a probe nucleic add related to the gene which Is an index of the disease 
which b the examination item; 

b) the process for labelling the teat sample chromosome ONA (sample nucleic add); 

c) the process for reacting the immobaized probe obtained in the process a) with the labefied ONAobtained 
25 in the process b); 

d) the process for detecting the hybrid formed in the process c) by utlizing the label 

As tns nucleic acid probe used in ins above process a), one having a base sequence necessary for rec- 
ognizing the base sequence inherent in a gene of gene disease, etc may be employed, and its nudeotde 
length Is not particularly limited. 
& For example, when a disease based on point mutation by substitution of one base pair is to be detected, 
in judging the difference of one base effectively end with good sensitivity, an oligonucleotide comprising 25 
bsses or less, more preferably 17 to 20 bases is employed as the nudeic add probe. 

Also, the substitution site corresponding to point mutation should be preferably arranged so as to be posi- 
tion td at the center of the oligonucleotide as the probe nudeic add for performing more accurate judgement 
» In the process a), examinations over plural Items can be done at the same One by immobilizing the plural 
kinds of probe nudeic adds corresponding to the plural examination items at a predetermined arrangement 
on the same carrier. 

Specific operations can be done following the method by use of plural kinds of probes as previously de- 
scribed. 

40 As the test sample ONA in I he process b), s chromosome DMA itself, a chromosome ONA deaved to a 
suitable length with an appropriate restriction enzyme, etc can be utiized. 

When multiple kerns of examination sre to be performed at the same time, it is strident to utQize fragments 
deaved to suitable lengths with a restriction enzyme. 

Also, for labelling, the methods as mentioned above, etc can be utfiized. 
*S The hybrid formation reaction in the process c) can be performed eccording to the method as previously 
described. 

When point mutation is to be detected, only one difference of nucleotide may sometimes fafl to differentiate 
presence end absence of a point mutation due to generation of mismatch between the probe and the nudeic 
edd. 

aa However. Tm of hybrid is influenced by t he base pair number not complementary in the mismatched hybrid, 
the contents of G (guanine) and C (cytosine) in the probe nudeic acid, the nucleotide chain length of the probe 
nudeic ecid. the posfton of point mutation, the kind of mismatch, etc then it b important to select the tem- 
perature cond&ons. etc which are free from generation of mismatch hybrid Interfering with detection of the 
desired point mutation, corresponding to the constitution of the probe nudeic acid employed, etc 

55 For e sample, Tm drops by 5 to 1 0*C per one base pair which is not complementary contained in a mismatch 

hybrid. 

Therefore, the temperature of nytmdizatton is required to be selected m view of the Tm of the desired hybrid 
and the Tm of the mismatch hybrid which can be formed. 

Also, when plural Kinds of probe nucleic adds ere used as immobilized on the same carrier, in addition to 
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the requirement ooncer ning the mismatch as described above, these nucleotide chain lengths, etc should be 
preferably controfted so that the Tm of the hybrids termed with the respective probe nucleic acids may be reg- 
ular. — 
5 The above-mentioned process d) can be performed according to the method corresponding to the label 

employed. 

In the method as described above, by using a nudeic acid having a base sequence inhertnt in a micro- 
organism such as bacteria, virus, etc. as the probe, and a nudeic acid separated from a microorganism as the 
sample, microorganisms can be identified taxonomJcaOy. 
io In the case of taxonomy of bacteria, the probe nudeic acid having a nudeotide chain length of about 20- 
mer. whle In the case of taxonomy of virus, one having a nucleotide chain length of about 20-mer may be suit* 
ably employed. 

Example 1 

is 

(N.B. The probes end methods referred to in Examples 1.2.4 and S do not from part of the invention as dalmed) 

1*1) Immobaization of probe nudeic add: 

so A 41-mer oligonucleotide having the foBowing DNA base sequence constituting a part of a piasmid pUC 
1 g was synthesized by a DNA synthesizer (a product of ASI. Model 381 A): 

5 ' catcccccttcccaacauxtuujcagcctgaatggcgaatg 3 ' . 

23 

By use of a part of the synthesized product Its purity was examined by 15 % potyaeryiamide gel elecffo- 
phoresis containing 7 M urea. As the result, the purity of the synthesized product was Judged to be 90 % or 
higher, and therefore the symnecaed product was used directy without purification in the subsequent ©per- 

x ations. 

A solution for spotting of the synthesized product at 200 ng/jil concentration wee prepared, and eech 2 ul 
of the solution was spotted onto a nitrocellulose filter (a product of Schie cher & Scnanei). dried and then baked 
at 80 *C for 2 hours. 

3$ L2) Labelling of sample nudeic add and preparation of hybridization solution: 

As sample nudeic acids, a piasmid dBR 322 (Sample A), a piasmid pUC 19 (Sample B) end a mixture of 
the piasmid pBR 322 and the piasmid pUC 19 (Sample C. mixing weight ratio 1:1) were prepared, and labelling 
of the sample and preparation of the hybridization solution were conducted according to the following opera* 
«o tions by using individually these samples. 

With 2 til of a solution containing 1 }ig of Sample A. B or C were mixed 2.0 ftl of 10 x TA buffer and 16.0 
pi of water, and to the mi? ure obtained was added 10 unts of Hindlll (a product of TOYOBO), and the mixture 
was left to stand at 37 «C for 2 hours to carry out the reaction. 

Nexu 2.0 units of T40NA pctymeraze (a product of TOYOBO) was added, followed further by the reaction 
*s at22«C. 

After one hour, to the reaction mixture were added 2mM dATP 2.0 id. 2 mM dCTP 2.0 sal and 2 mM dOTP 
2.0 til (products of TOYOBO). end further 6.0 pi of biotinytated UTP (a product of BRL). and the mixture was 
left to stand et 37 f C. ' 

After 40 minutes, the reaction was stopped by addition of 10 ul of 1 00 mM EDTA Into the reaction mixture. 
to and the reaction mixture subjected to heating treatment at 95 *C for S minutes to convert the product into a 
single strand. 

The reaction mixture subjected to the heating treatment wos mixed with 100 % for mamide 0 ml. 20xSSC 
$ ml. SO x Oenhardt solution 0.4 mJ. 1M sodium phosphate buffer (pH 6.S) 0.4 mJ and eonicetion-modif ied sal- 
mon sperm 0NA (a product of Sigmer) of 60.0 mg/mJ concentration 0.1 ml to obtain a hybridization solution. 
S3 According to the operations as descrfced above, three kinds cf hybridization solutions prepared from Sen> 
pie A. B and C respectively were obtained. 
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1- 3) Hybridization; 

By using individuaBy the three kinds of hybridization solutions obtained in tha.opemtion of the above item 
ft 1-2). hybridization was affected according to the following operations. 

First a filter having the probe nude* acW previously prepared irnmobBixed In spots was dipped In a mixture 
of 200 ml of a mixture of 3 x SSC and Denhardt solution (mixing volume ratio 1 :1 ) at 42 *C for 30 minutes to 
effect pre-hybridlzation. then the hybridization solution (3 ml) of Sample A. B or C was added therein, and the 
mixture was sealed within a polyethylene bag and left to stand at 42 -C. 
to After 12 hours, the f iter was taken out waahed and the color indication reaction was carried out « con- 
ventional manner (BWndustry. Vol 3. No. 6. 19S9, p47M04. etc). 

As the result, when the hybridization solution from Sample B was employed and when the hybridization 
solution from Sample C was employed, color formation of blue vtoietwas recognized attha spot of probe nude* 
acid on the filter, whereby presence of pUC 19 was confirmed in samples B and C. 

is 

Example 2 

2- 1 ) Immobltzation of probe nucleic add. 

to A 41-mer oligonucleotide having the folowing 0NA base sequence constituting a part of a plat mid pUC 
19 (Probe A) and a 41-mer oligonucleotide heving the following ONA base sequence constituting a part of a 
plesmid oBR 322 (Probe B) were synthesized by a ONA synthesizer (a product of ABt Model 381A). 



zs Probe A 

5 ' GATCGCCCTTCCCAACAGTTGCGCAGCCTGAATGGCGAATG 



Probe B 

5 ' CCGTTCAGCCCGACCGCTGCGCCTTATCCGGTAACTATCGT 3 ' 

When the purities of these synthesized products were examined eccording to the same operation item 1* 
1) in Example 1. both were found to have a purity of 95 % or more. These synthesized products were used 
directly without purification in the subsequent operations. 
40 A solution for spotting of each of the synthesized products et 200 ng/uJ concentration was prepared, and 
each 2 |il or the »oiuliott was spoiled onto a futroueJIuJuse filer (a product of Schleicher 6 Schaitel) so that the 
spots of Probe A and B were arranged as shown in F ; . 1, dried and then baked at 80 *C for 2 hours. 

2-2) Labelling of sample nucleic acid and preparation of hybridization solution: 

45 

Sample nucleic acids were prepared as follows: 
Sample 0: 

so Mixture of piasmid pUC 19 and ctvomosome ONA prepared from E. coli JM109 strain (a product of TA» 
KARA) in conventional manner (mixing weight ratio. 1:1). 

Sample E: 

55 Mixture of piasmid pBR 322 and chromosome ONA prepared from E. cofi HB101 stain (a product of TOYO- 
BO) in conventional manner t mixing weight ratio. 1:1). 
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Sample F: 

Chromosome ONA prepared from E. ooti HB101 strain in conventional manner 
$ By using these samples Individually, labelling and preparation of hybridization aoiution of the respective 
Samples were conducted In the same manner as m the item 1-2) in Example 1 to obtain three kinds of hybrid- 
ization solution! from Sample 0. E and F. 

2*3) hybridization: 

By using Individually the three kinds of hybridization solutions obtained h the operation of the above item 
2-2). pre- hybridization, hybridization and color formation reaction were carried out In the same manner as In 
the hem 1-3) In Example 1. 

As the result, color formation occurred at the spot portion of Probe Aon the filter which had been reacted 
i8 with the hybridization solution from Sample 0, whSe color lormation occurred at the spot portion of Probe 6 
on the f iter which had been reacted with the hybridization solution from Sample E. On the comtery, no color 
formation was recog nized at the spot portion on the filter which had been reacted wfch the hybridization solution 
from Sample P. 

30 Example 3 

Among mutations of PAH gene seen in leukocyte DMA of phenyleJeniuria patient, as mu to bona of high fre- 
quency (• portion), the following ones have been known. 

26 Keplotype 3 

Nor Ml: ^TCCATTAACAGTAAGTAATTT 3 ' (Probe 1) 
Abnormal: 5 ' TCCATTAACAATAAGTAATTT 3 ' (Probe 2) 



Haplotype 2 

Horaal; 5 ' CACAATACCTCGGCCCTTCTC 3 ' (Probe 3) 
Abnormal: 5 ' CACAATACCTCGGCCCTTCTC 3 ' (Probe 4) 

40 

Accordingly, tor ull'uing these four kinds of oligonudeoUJes a* prol* nudeic ecid», I hey were synthesized 
by a ONA synthesizer (a product of ABl, Model 381 A). 

When the purities of the synthesized products were examined according to the same operation as In the 
item 1*1 ) in Example 1. all were found to have a purity of 95 % or more. 
48 By using directly these synthesized products, according to the same operations as in the Item 2-2) in Ex- 
ample 2. spots of the respective probes were formed with the arrangements shown in Fig. 2 on a nitrocellulose 
filer. 

Next from I he cultured amniotic fluid cells from test sample donors erbArarJy selected, e double-stranded 
DMA was extracted In conventional manner and digested wfth Pvu 0. The digested product obtained was re- 
so acted with pho tab toon (a product of Bresatec) in conventional manner to be applied with btotln label, and then 
I he double-attended ONA was converted into a single strand by the heating treatment et 100 "C for 10 minutes. 

2 tig of the labelled sample was added into o solution containing 6 x SSPE (60 mM sodium phosphate buffer 
(pH 7.0). 0.9 M NaCI. S mM EDTA], 0.3 % 60S and eoniceoon-modified E. ooti ONA (a product of Sigmer) of 
10 tig/ml c on ce ntrati on to obtain a hybridization aoiution. 
55 By use of the hybridization solution together with the probe4mmoblixed filter previously prepared, pre- 
hybridization and hybridization were conducted according to the same operations as in the item 1 -3) in Example 
i except that the hybridization conditions were made SO *C, 16 noun. 

After completion of the reaction, the f iter was subjected to washing twice with 2 x SSPE containing 0.1 
% SDS at room temperature for 30 minutes, further once with S x SSPE containing 0.1 % SDS at 65 K for 10 
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minutes. 

When the filter after washing was subjected to the color formation reaction of biottnylated nude* acid in 
conventional manner, color formation occurred at the spots of Probe 1 and Probe 37 and (he test sample donor 
s was judged to be suspected of no phenylalaninuria. 

Wnen tne same operations as described above were conduced by usa of cultured amniotic fluid cells from 
another test sample donor arbitrarily selected, color formation occurred at the spot of Probe 4. and hence the 
test sample donor was judged to be suspected of phenytatertlrturta. 

to Example 4 

By use of the experimental system according to an example of the present invention of Example 1, com- 
parison was made whh a prior art example. The probe employed is shown below, which is the same as In Ex- 
ample 1: 

ffl 

5 'CJATCUCCCTTCCCAACAGTTCCCCAGCCTGAATCCCCAATC 3 ' . 

20 Also, as the samples, the same three kinds of Sample A. B. C as in Example 1 adjusted to predetermined 
concentrations were employed. 

As the sensitivity investigation according to the example of the present invention, a nitrooelluloae filter 
spotted with probes similarly es in Example 1 wos prepared. 

As the sample. DNA applied with the seme ore-treatment end labelling es in Example 1 was prepared, 
as and hybridization solutions were prepared to have amounts of 50 ng, 5 ng , 0.5 ng. 0.05 ng and 0.005 ng of the 
DMA. 

By use of the hybridization solution together with the probe4mmobfllzed filter previously prepared, pre- 
hybridization and hybridization by use of the hybridization solutions with the respective concentrations were 
conducted according to the same operations as m the item 1*3) m Example 1 except that the nytnooafion 
x conditions were made 50 *C. 1 6 hours. 

After completion of the reaction, the f Iter was subjected to washing twice with 2 X SSPE containing 0. 1 % 
SOS at room temperature for 30 minutes, further once with S X SSPE containing 0.1 % SOS at 55 'C for 10 
minutes. 

When the filter after washing was subjected to the color formation reaction of biotlnytated nucleic acid In 
25 conventional manner, tne following results were obtained. 



SOno Sng O.Sng O.OSng O.OOSng 

40 A X X X X X 

Boo O O X 

Coo O X X 

Note: o ... color formation 

x ... no color formation 

eo That Is. ft was evidenced that color formation occurred to about 0.0S to 0 J ng to enable detection. 

On the other hand, as the prior art example, f irsUy the probe wes labelled. The labelling method was per- 
formed by synthesizing a complementary double-stranded DNA corresponding to tne probe, introducing bio- 
tinyteted dUTP el 3'-end wfth the T4 DNA Polymerase, and dissociating the labelled product into a single strand, 
which was used as the probe. 

15 The sample nucleic adds A. 8 and C were spotted onto e nitrocellulose I titer st the amounts shown below 
in Table 1. 
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ng 


ng 


ng 


ng 


ng 


A 


SO 


5 


0.5 


0.05 


0.005 


B 


50 


5 


0.5 


0.05 


0.005 


C 


50 


5 


0.5 


0.05 


0.005 



The fhre kinds of filter* were dried end then oven-dried et 60 *C for 2 hours. 

The probe previously prepared was subjected to heating treatment at 95 *C for 5 minutes to be converted 
Into a single strand. 

The reaction mixture subjected to the heating treatment was mixed with 100 % formamide 9 ml, 20xSSC 
5 mi. GOxOernardt solution 0.4 ml. 1M sodium phosphate buffer (pH 6.6) 0.4 ml and sonica ton-mod tied salmon 
sperm DNA (c product of 8igmer) of $0.0 mg/ml concentration 0.1 ml to obtain a hybridization solution. 

Next the five kinds of filters having the probe nucleic acid previously prepared immobilized h soots were 
dipped in a mature of 200 ml of 3xSSD and Denhardt solution (mixing volume ratio 1:1) at 42 °C for 30 minutes 
to effect pre-hybridization, then the previous hybridisation solution (3 rrt) was added therein, and the mixture 
was seated wfthln a polyethylene bag and left to stand at 42 *C. 

After 12 hours, the filters were taken out, washed and the color Indication reactions wars carried out m 
conventional manner (Bioindustry. Vd. 3, No. 6. 1989. 0479-504. etc). 

As the result eonoerning B end C, detection was possible to the fitter of No. 2, namely to 5 ng. For the 
f iter spotted with A, no color formation was seen m all of No. 1 to No, 5. 

• Example 5 

By use of the experimental system according to an example of the present Invention of Example 2, com- 
paricon was made with a prior an example. 

As an investigation according to the example of the present Invention, similarly as In Example 2, a 41-mer 
oligonucleotide having the following DNA bass sequence constituting a part of a pJesmid pUC 19 (Probe A) 
end a 41-mer oligonucleotide having the Mowing DNA base sequence constituting a part of a piasmid pBft 
322 (Probe B) were synthesized by e DNA synthesizer (a product of ABI. Model 381 A). 

Probe A 

5 GATCCCCCTTCCCAACACTTCCGCACCCTGAATGCCGAATG 3 ' 



Fro D© 8 

S 



CCGTTCAGCCCGACCGCTCCGCCTTATCCGGTAACTAICGT 3 ' 

When the punttes of these synthesized products were examined according to the some operation as in 
Example 1. both were found to neve a purity of 95 % or more. These synthesized products were used directly 
without purification in the subsequent operations. 

A solution for spotting of each of the synthosfced products at 200 ng/ui concentration waa prepared, and 
each 2 ui of the solution was spotted onto a nitrocellufose flier (a product of Schleicher A Schanel) so that the 
spots of Probes A end B were arranged as shown In Fig. 1, drisd end then baked at 60 "C for 2 hours. 

Five cruets of sucn fitters were prepared and named No. 1 to No. S. 

On the other hand, as a sample, a piasmid pUC 19 was labelled according to the following operations. 
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labelling was carried out according to the nick translation method of Rigby et at. 

Nick translation buffer 10 pJ. 1 \4 2S mM dGTP, 1 M l 2.5 mM dATP. 1 »iJ 2.5 mM dTTR biotinylated UTP 
7.0 Ml (BRL). 1 m> DWase (0.05 pg/rni). and a aample DNA(pUC19) 4.0 pi ugMjtl)_were placed in Eppendorf 
s tube to make ddH { 0 a reaction mixture of 1 00 uJ. After the reaction ati2*C for 10 minutes. 1 pi DMA pdymeraie 
(5 to 10 units) was added. After tne reaction was carried out an 2 K for 75 minutes, tne reaction was stopped 
by addition of a stopping solution. The labelled ONA was purified by phenol extraction, ethane! precipitation. 
The purified product was subjected to the heating treatment at 95 *C for 5 minutes, and then diluted with a 
reaction mixture for hybridization to amounts of SO ng. S ng. 0.5 ng. 0.05 ng and 0.005 ng. The reaction mixture 
to for hybridization used was a mixture of 1 00 % formamide 9 ml, 20 1 SSC 5 ml. 50 x Denhardt aolution 0.4 ml. 
1M sodium phosphate buffer (pH 6.5) 0.4 ml. (S)jD mg/mf) aonication- modified salmon sperm (a product of 
Sigmer) at ml. 

By use or ths hybrid fcatton reaction mixtures of the five kinds of concentrations aa mentioned above, hy- 
bridization was effected for the 5 sheets of filers previously prepared, 
is For the f flier of No. 1, the reaction manure of 50 ng was employed; for the rater of No. 2. t he reaction mixture 
of 5 ng; for the f iter of No. 3. the reaction mixture of 05 ng: for the filter of No. 4. the reaction mixture of 0.05 
ng; and for the f iter of No. 5. the reaction mixhire of 0.005 ng. 

First (he filler having the probe nucleic acid immobSfced in spots previously prepared was dipped m 200 
ml of a mixture of 3 x SSC and Denhardt solution at 42 *C for 30 minutes to effect pre- hybrid fetation, and then 
20 the hybridization solutions of the respective concentrations were added as previously shown, and each mixture 
was sealed within a polyethylene bag and leftto stand at 42 *C. 

After 12 hours, the filters were taken out washed and the color indication reactions were carried out in 
conventional manner (Bioindustry. Vol. 3. No. 6. 1989. p479-504. etc). 

As the result for the fflters of No. 1. No. 2. No. 3 and No. 4. color formation of blue violet was observed 
25 at the pos&on spoiled with Probe A. Thai is. color formation occurred up to 0.05 ng of No. 4. At the position 
spotted with Probe B. no color formation could be seen. 

On the other hand, as a prior art example, a double-stranded ONA constituting a part of pUC 19 as shown 
below was synthesized, biotinytated dUTP was introduced at 3'-end with the T4 ONA Polymerase and the lab- 
elled product was dissociated Into a single strand and used as the probe for detection according to the prior 
90 ert method. 



ATCCCCCTTCCCAACACTTCCGCAG'CCTGAATCCCGAAT 3, 
TAGCGGGAAGGuTTGTCAACGCGTCGGACTTACCGCTTA 



Plasmid pBR 322 and plasmid pUC 19 as the sample nudelc add were spotted respectively onto a nitro- 
cellulose filter (a product of Schleicher 5 Schanat) at the amounts indicated below. 



45 


\ Filter 


1 


2 


3 


4 


5 






ng 


ng 


ng 


ng 


ng 


so 


pUC 19 


SO 


5 


0.5 


0.05 


0:005 




pBR 322 


SO 


5 


O.S 


0.05 


0.005 



The five kinds of filters were dried and then oven-dried at 80 for 2 hours. 

The probe previously prepared was subjected to heating treatment at 95 *C for 5 minutes to be converted 
into a single strand. 

The reaction mixture subjected to the heating treatment was mixed with 100 % formamide 9 ml, 20xSSC 
5 mi . SOiiDerhardt solution 0.4 ml, 1 M sodium phosphate buffer (pH 6.5) 0.4 ml and sonieattorwnodried salmon 
eperm ona (a product of Sigmer) of SOX) mg/mi concentration 0.1 ml to obtain a hyaridiaabon aolution.. 
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Next the five kinds of filers having the sample nucleic acid previously prepared imrncbiixed in spots were 
dipped in a mixture of 200 ml of 3xSSC and Denhartt solution (mixing volume ratio 1:1) at 42 *C for 30 minutes 
to effect pre- hybridize tion, then the previous hybridization solution (3 ml) was added therein, and the mixture 
s was sealed within a polyethylene bag and left to stand at 42 *C. 

After 12 hours, the fitters were taken out, washed and the color indication reactions were carried out in 
conventional manner (Bioinduetry. Vol. 3, No. 6> 1989. 0479-504. etc). 

As the result, concerning the f aters of No. 1 and No. 2. color formation of blue violet was seen at the position 
spotted with the sample of pUC 19. That b. color formation occurred up to 5 ng of No. 2. 
io No color formation could be seen at all the positions spotted with pBR 322. 

Example 6 

By use of the experimental system according to an example of the present invention of Example 3. com- 
is parson was made with a prior art example. 

The probes employed are the same Probes 1 to 4 aa in Example 3. and as the sample. Sample A suspected 
of no phenylalaninuria judged in Example 3. and Sample B suspected of phenytalaninurie controlled to prede- 
termined concentrations were used. 

As an Investigation eccerdlng to the example of the present invention, a nitrocellulose flter spotted with 
so the respective probes at the arrangements shown In Fig. 2 similarly as in Example 3 was prepared. 

Hybridization solutions having the amounts of S00 ng. 50 ng. 5 ng, 0.5 ng, 0.05 ng and 0.005 ng of the 
DMA applied with the same pre-treetment end label as in Example 3 as e sample were prepared. 

By use of the hybridization solution together with the probe-immobilized filter previously prepared, pre- 
hybridization and hybridization by use of the hybridization solutions with the respective concentrations were 
25 conducted ecoording to the seme operetions as in the hem 1-3) in Eiample 1 except that the hybridization 
conditions were made 50 *C. 16 hours. 

After completion of tne reaction, tne Titer was subjected to washing twice wltn 2 x SSPE containing 0.1 
% SOS at room temperature for 30 minutes, further once with 5 x SSPE containing 0.1 % SOS at 55 *C for 10 
minutes. 

X When the f aters after washing were subjected to the color formation reaction of bbtinyiated nucleic acid 
in conventional manner, the following results were obtained. 

Sample A 

35 SOOng SOnp Sng 0.5ng O.OSng O.OOSng 

Probe 1 o o o o o x 

2 x x x x x x 

40 

3 o o o o o x 

4 X X X X X X 

4$ Sample) B 

SOOng SOng Sno O.Sno O.osno O.OOSno 

Probe 1 x x x x x x 

so 

2 x x x x x x 

3 x x x x x x 

55 "40000 X X 

Note: o ... color foraatlon 

x ... no color formation 
13 
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On the other hand, as the prior art example, first, the probes 1 to 4 were labelled. The labelling method 
was performed by synthesizing a complimentary doubJe-etranded ONA corresponding to the probes 1 to 4. 
introducing bioiinyfaled dUTP at 3'-end with T4 DNA polymerase, and dtssobatingjhe labelled product into a 
s single strand, which was used as the probe. 

The sample nucleic acids A and B were spotted onto a nitrocellulose r titer at the concentrations shown be- 
low in Table 1. 



Filter 



IS 


^S. NO. 


HO.1 


NO. 2 


No. 3 


No. 4 


No. 5 


No. 6 






ng 


ng 


ng 


ng 


ng 


ng 




" A 


500 — 


50 


5 


0.5 


- 0.05 


0.005 


30 


B 


soo 


SO 


5 


0.5 


0.05 


0.005 



The six kinds of filters were dried and then over-dried at 80 *C for 2 hours. 

The Probes 1 to 4 previously prepared were subjected to heating treatment at 95 °C for 5 minutes to be 

29 converted into single strands. 

The reaction mixture subjected to the heating treatment was mixed with 100 % formamide 9 ml. 20xSSC 
5 ml , SOxOerhardt solution O.a ml. 1 M sodium phosphate buffer (pH 6.5) 0.4 mJ and sonlcation-mod Vied salmon 
sperm DNA (a product of Slgrner) of 50.0 mg/mJ concentration 0.1 mi to obtain four kinds of hybridization sol- 
utions, 

30 Next the six kinds ol f flters having the probe nudeie acid previously prepared immobifized in spots were 
dipped in a mixture of 200 mi of 3xSSC and Oenhardt solution (mixing volume ratio 1:1) at 42 "C for 30 minutes 
to effect pre-hybridization, then each of the previous hybridization solutions (3 mi) was added therein, and the 
mixture was sealed within a polyethylene bag and left to stand at 42 *C. 

After 12 hours, the filters were taken out washed and the color indication reactions were carried out in 
n conventional manner (Biolndustry. Vol. 3. No. 6. 1989. 0479-504. ate). 
The results are shown below in Tables. 



40 



45 



60 



55 
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Probe 1 



SOOnq SOnq 5ng O.Sng O.OSng O.OOSno 



Saaple A o x x x x x 

Sample B x x x x x x 
Probe 2 

5 00 no SOnfl 5 no O.Sno O.OSno O.OOSnq 



Sample A x x x x x x 

Sample B x x x x x x 
Probe 3 

SOOng SOng Snq O.Sno O.OSng O.OOSno 



Sample A o ox x x x 

Sample B x x x x x x 
Probe 4 

SOOag SOng 5ng O.Sng O.OSng O.OOSnq 



Sample Ax x x 

Sample Bo x x 

Note: o ... color formation 



x 
x 



X 
X 



X 
X 



x ... no color format ion 

In the present invention, no requirement for labelling of the probe nudeic edd ie demanded, since the tem- 
ple nudeic acid is labelled and the probe nudeic add is nol labelled. As the result a short nucleotide chain 
length which is readily available and also can be prepared to Weft precision can be utfllzed. and detection can 
be dona by simple operation even at low concentration. Also, since sample nudeic add is generally one having 
long nucleotide chain length, by employment of lobefling onto sample nudeic add, it becomes posstte to effect 
efficient labelling by use of a nonradioactive label, whereby labelling and detection operation become safer 
and simpler. 

Furt her. when detections of durst number of nudeic adds are performed at the same time by use of plural 
kinds of probe nudeic sdds. in the method of labelling probe nudeic acids of the prior art cumbersome op- 
erations of performing differentiation of plural number of probe nudeic adds by use of plural different kinds of 
labels hsve been required, but according to the present invention, labeling of the sample nudeic add can be 
effected with one land of label, whereby labelling operations can be simplified and detections of plural kinds 
of nudeic ados can be done simply ana off identty. 
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The present invention provides a nucleic acid detection method to detect the presence of a nucleic acid 
to be detected in a sample nudeic odd, upon detecting a formation of a nucleic acid to be detected-probe ny- 
deic acid hybrid in t ha reaction between the sample nudeic add and a probe nudefcadd. wherein said sample 
nudeic acid Is applied with a label avalable for detecting said hybrid. 



Claims 

1 . A method to detect the presence of a nudeic add to be detected in a sample nudeic add compriatng the 
steps of 

(a) providing a probe nudeic add which (s an oligonudeotide with a nudeoUde chain length of 25 bases 
or lass capable of detecting a point mutation of a genetic disease, immobfltrad on a carrier, 

(b) labelling the said aample nudeic add: 

(c> adding the labelled aample nucleic add to the immobilized probe nudeic add; 

(d) detecting the point mutation by detecting the presence of the aaid nudeic to be detected in the aald 

sample nudeic add bound to the said probe nudeic acid. 

Z The method according to daim 1, wherein the nudeic add to be detected has sequences inherent in a 
disease selected from the group consisting of a genetic disease, cancer and viral infections. 

*. The method according to daim 1. wherein step (a) further comprises immoMization of multiple types of 
probes at predetermined locations on the earner; 



Paten tanepruche 

1. Verfahren rum Nachwels das Ver handenseins einer Nudeinsture. nachzuwelsen in finer Nudeinsaure* 
probe, folgende Scftntte umf ascend: 

(a) Bereftsteliung einer Nudeinaeure-Sonde. die ein Oligonudeotid ma einer Nudeotid-Kettenlinge aus 
25 Basen Oder weniger d arstdlt gee ig net zum Nechweb einer Punlctmutation einer ge netischen Krank- 
heit immobiltaiert auf einem Trager, 

(b) Markieran der NudeinUureprobe; 

(c) Zugabe der markierten Nudeinsaureprobe zu der imrnoblrsierten Nudeinsiure-Sonde; 

(d) Nacnweis oer Punttmutadon mfttets Nachweiset des Vbrhandertselns der m der an die Nuciemsau- 
re-Sonde gebundenen Nudetneiuroprebe nachzuweisenden Nudeinaiure. 

2. Verfehren nach Anspruch 1, wobei die nachzuweisende Nudelnsiure einer Krankhelt inhlrente Sequen- 
zen auf weisi, ausgewflhit aus der Gruppe bestehend aus genetischer KmnkheH Krebs und VlrustnfeK- 
tionen. 

X Verfahren nach Anspruch 1 . wobel Schrltt (a) ferner die Immobaislerung multtpler Typen von Sonden an 
fastgeiegten Stellen auf dam Trager umfaftt. 



Revendlcatlona 

1 Precede pour detector la presence d'un actde nudeique a de teeter dans un echanUlon tfadde nudeique. 
comprenant lee tapes 

(a) d'utiHsation dun adde nudeique servant de sonde, qui est un dtgortudeotide ayant una longueur 
de chains de nucleotides egaJe ou inferieure a 25 baaea capable de detector una mutation ponctueile 
d*une matadie genetique, irnmobBiae sur un support ; 

(b) de marquege dudrt adde nudeique de I'ichantilon ; 

(c> d'addition de racide nudeique marque de lechanHon a I'acide nudeique immoblise servant de son- 
de; 

(d) de detection de (a mutation ponduelle par detection de la presence dudH adde nudeique a deteder 
dans ted it ecrtantfllon d'adde nudeique lie audit adde nudeique servant de sonde. 

2. PrncadA swVanl U mwmdcaiion 1. dans toque* I'adrle nudeique A detacter possada das sequancas pm> 
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pres a une maJadie choaie dans le croupe cenaistam en una maladie genetique. vn cancer et dea infec- 
tions viraies. 

Precede suivant la revendicalion 1. dam IcqucI f'etape (a) comprend en outre Immobilisation de types 
multiple* de aondea a dea emplacements predetermines aur le support 
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PROBE 2 


PROBE 3 


PROBE 4 
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FIG. 2 
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